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Abstract
This study compared the susceptibility of three blue
catfish strains (D&B, USDA 101 and USDA 102)
to the parasite Ichthyophthirius multifiliis (Ich). In
Trial I, a cohabitation study (all strains stocked
communally) was conducted and fish were exposed
to theronts at 0, 200, 1000, 5000 or 25 000 ther-
onts fish1, respectively. All fish died when exposed
to theronts at 5000 or 25 000 theronts fish1. When
exposed to 1000 theronts fish1, USDA 102 strain
of blue catfish showed significantly lower mortality
(78.5%) compared to USDA 101 and D&B strains
(92.7% and 100%). In Trial II, the same three
strains of blue fish were evaluated for their suscepti-
bility to Ich with strains challenged in separate
tanks by adding Ich theronts at 0, 200 and 1000
theronts fish1, respectively. All D&B and USDA
101 blue catfish died; however, 42.3% of USDA
102 strain survived the infection when exposed to
1000 theronts per fish. The results indicate that
there are differences among strains of blue catfish
for susceptibility to Ich, and these differences will
be useful in the development of improved catfish
germplasm for commercial aquaculture.
Keywords: blue catfish, cohabitation, Ichthyophthi-
rius multifiliis, infection, mortality, susceptibility.
Introduction
The channel catfish, Ictalurus punctatus (Rafin-
esque), is the principal warm water species grown
in the United States. Channel catfish posses a
number of desirable qualities for aquaculture,
including rapid growth, ease of spawning, toler-
ance to a wide range of temperatures and water
quality, good product quality and high consumer
acceptance of the product (Li et al. 2009). How-
ever, channel catfish are susceptible to certain spe-
cies-specific diseases that cause millions of dollars
in losses annually (Dunham et al. 1993; Hawke
& Khoo 2004). Recently, an increasing number
of producers have shown an interest in growing
the hybrid catfish resulting from the mating of
channel catfish 9 blue catfish, I. furcatus (Valenci-
ennes) (Small 2006; Li et al. 2009). Large-scale
field trials have confirmed the outstanding perfor-
mance of the hybrids in commercial settings and
in processing plants, resulting in high demand
and premium prices for fingerling hybrids (Cha-
takondi, Yant & Dunham 2005). Hybrid catfish
have the potential to replace the channel catfish
that is predominantly used in the catfish industry
(Dunham & Argue 2000). To meet the rapid
expansion of hybrid production, it is necessary to
evaluate disease resistance of blue catfish because
the parental strain of blue catfish may affect the
performance of the hybrid.
Ichthyophthirius multifiliis (Ich) is one of the
most prevalent protozoan parasites of freshwater
fish. The parasite causes high mortality in many
fish when reared under intensive conditions
and leads to heavy economic losses in aquaculture
(Paperna 1972; Traxler, Richard & McDonald
1998). The parasite has a life cycle consisting of
an infective theront, a parasitic trophont and a
reproductive tomont (MacLennan 1935; Nigrelli,
Pokorny & Ruggieri 1976). Infective theronts
swim actively in water in search of hosts (Mac-
Lennan 1935). After burrowing into fish epithe-
lium, theronts become trophonts and feed on host
Correspondence D-H Xu, USDA-ARS, Aquatic Animal Health
Research Laboratory, 990 Wire Road, Auburn, AL 36832, USA
(e-mail: dehai.xu@ars.usda.gov)
887
Published 2012.
This article is a US
Government work and
is in the public domain
in the USA.
Journal of Fish Diseases 2012, 35, 887–895 doi:10.1111/j.1365-2761.2012.01436.x
tissue until they reach maturity (McCartney, Fort-
ner & Hansen 1985). The mature tomont drops
off the host, attaches to substrates and undergoes
multiple divisions to produce theronts (MacLen-
nan 1935). The parasite spreads rapidly from fish
to fish as a single lch tomont can produce hun-
dreds to thousands of infective theronts in less
than a day (MacLennan 1935; Matthews 2005).
The classic sign of an lch infection is the presence
of small white spots on the skin and gills (Dicker-
son 2006). Heavy infection by Ich damages fish
skin and gills, causes loss of the respiratory, excre-
tory and osmoregulatory functions, and eventually
leads to fish death (Hines & Spira 1973; Dicker-
son 2006).
Many treatments for Ich have been evaluated,
including external chemical treatments (Tieman &
Goodwin 2001), oral therapeutants (Shinn et al.
2003) and non-chemical treatments (Farley &
Heckmann 1980). These treatments aim at killing
of infective theronts and the reproductive tomonts
in water, blocking theronts from infecting hosts or
eliminating parasitic trophonts from fish tissues.
Control of Ich by using chemical treatments and
oral therapeutants is difficult, costly or not effec-
tive after the Ich penetrates fish skin and gills
(Tieman & Goodwin 2001; Shinn et al. 2003).
Non-chemical treatments for Ich included water
ozonation, radiation with ultraviolet light, submi-
cron filtration, electrotherapy, increased water flow
and temperature extremes (Farley & Heckmann
1980; Tieman & Goodwin 2001). None of the
physical treatments are effective or economical for
treating Ich, especially trophonts in fish tissues.
Vaccination against Ich has been evaluated, and
many studies demonstrated that fish developed
immune protection against the parasite following
immunization with Ich antigens (Hines & Spira
1973; Houghton & Matthews 1990; Dickerson &
Clark 1998; Sigh & Buchmann 2001; Xu, Klesius
& Shelby 2004). However, most of these studies
are laboratory trials, and no commercial vaccine
for Ich has yet been developed. Genetic improve-
ment of disease resistance through selective breed-
ing could be an alternative way to prevent fish
diseases (Fjalestad, Gjedrem & Gjerde 1993).
Studies have been conducted to compare disease
resistance between channel and blue catfish for
viruses (Silverstein, Bosworth & Gaunt 2008),
bacteria (Wolters, Wise & Klesius 1996; Dunham
et al. 2008) and parasites (Tidwell & Mims 1990;
Bosworth et al. 2003; Xu et al. 2011). However,
there is no information available for the suscepti-
bility of different strains of blue catfish to the par-
asite Ich. This study compared the susceptibility
of three strains of blue catfish (D&B, USDA 101
and USDA 102) to Ich infection using both
cohabitation and separate-tank methods. In the
cohabitation method (Trial I), three strains of
blue catfish were put in the same tank and sub-
jected to the same treatment, including exposure
to the same amount of Ich theronts, same water
quality, same food and feeding time during the
trial. In the separate-tank method (Trial II), three
strains of blue fish were evaluated for susceptibility
to Ich in separate tanks. Infection level, survival
time-span and mortality were compared among
three strains of blue catfish in both trials.
Materials and methods
Fish and water quality
Three strains of blue catfish, D&B, USDA 101
and USDA 102, were shipped from disease-free
stock from the USDA-ARS Catfish Genetic
Research Unit (CGRU), Stoneville, MS. The
D&B strain of catfish is a strain commonly used in
commercial aquaculture. D&B strain catfish at the
USDA catfish genetics research unit were originally
obtained from Dycus Farms, Arkansas. The USDA
101 and 102 blue catfish strains are currently being
evaluated at the CGRU and were developed from
fish obtained from the Missouri River Basin and
Mississippi River Basins, respectively. Fingerlings
from each strain used in challenges represent a
pool of approximately equal numbers of fish from
10 to 15 full-sib families. Fish were acclimatised in
six 400-L tanks supplied with flowing dechlorinat-
ed water at approximate 0.8 L min1 (two tanks
per strain of blue catfish) at the USDA-ARS,
Aquatic Animal Health Research Laboratory,
Auburn, Alabama for 2 week before the trials.
During the acclimatisation period, fish were fed
AquaMax Fingerling Starter 300 (PMI Nutrition
International, LLC) daily until satiation.
During trials, dissolved oxygen (DO) and tem-
perature in tanks were measured daily using a YSI
85 oxygen meter (Yellow Spring Instruments). The
pH, hardness, ammonia and nitrite were deter-
mined using a Hach CEL/890 Advanced Portable
Laboratory. The mean ± MSE of DO was 6.3 ±
0.4 mg L1, temperature was 23.2 ± 0.8 °C, pH
was 6.9 ± 0.2, ammonia was 0.24 ± 0.2 mg L1
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and hardness was 89.3 ± 4.2 mg L1. Nitrite con-
centrations were below the detection limit.
Parasite and theront for infection trials
Ichthyophthirius multifiliis was originally isolated
from infected pet fish obtained from a local pet
shop and maintained by serial passages on channel
catfish held in 50-L glass aquaria as previously
described (Xu et al. 2004).
Trophonts were collected, and theronts were cul-
tured as previously described (Xu et al. 2011).
Briefly, fish heavily infected with maturing tropho-
nts were anaesthetized with 150 mg L1 tricaine
methanesulphonate (MS-222), rinsed in tank water
and the skin was gently scraped to dislodge the par-
asites. For evaluation effect of Alizarin red S (ArS)
on Ich infection, isolated trophonts were placed in
Petri dishes with fresh tank water (Xu et al. 2004).
For infection trials, trophonts were placed in a tank
with 20-L water and incubated at 22–24 °C for
18 h. Theronts were enumerated with a Sedgewick
–Rafter cell after adding one drop of 1% formalin
solution. Theront concentration was calculated as
numbers of theronts mL1, and theront solution
was added to each tank to have precise numbers of
theronts per fish for the infection trials.
Marked blue catfish in Trial I
One week prior to Trial I, 140 blue catfish from
the USDA 102 strain were marked with calcein
in two buckets. Calcein (C30H26N2O13; Sigma
Chemical Co.) was dissolved in 10 L water to
make 400 mg L1 calcein solution in each
bucket (Xu et al. 2011). Seventy blue catfish were
immersed in the calcein solution in each bucket
with aeration for 4 h. Similarly, 140 D&B
strain of blue catfish were marked with alizarin
red S (ArS) as reported by Bashey (2004). Alizarin
red S (C14H7NaO7S; Sigma) was dissolved in
10 L water to make 400 mg L1 ArS solution in
each of two buckets. Seventy fish from D&B
strain were immersed in 10-L ArS solution with
aeration for 4 h. The USDA 101 strain of blue
catfish was not marked, and 140 fish were kept
in two buckets with 10 L water each as controls,
while other blue catfish were marked with calcein
or ArS. After marking, the fish were washed sev-
eral times with tank water to remove excess fluo-
rescent dyes (calcein or alizarin red S) and moved
to tanks with flowing water at 0.5 L min1 to
continue washing for 2 days.
To check fluorescent marking on fish, anaesthe-
tized fish or dead fish were placed in
150 9 25 mm Petri dishes (Corning Incorpo-
rated) and viewed under an Olympus 1X70
inverted fluorescence microscope equipped with a
109 objective lens and fitted with an Olympus
DP11 digital camera (Olympus American Inc.).
Calcified skeletal structures, such as fins of blue
catfish, showed intense green fluorescence when
marked with calcein or pink fluorescence when
marked with ArS (Fig. 1).
(a) (b)
(c)
Figure 1 Photomicrographs of the caudal
fins of blue catfish: (a) unmarked USDA
101 strain; (b) alizarin-marked D & B
strain and (c) calcein-marked USDA 102
strain. These images were taken with the
inverted fluorescence microscope equipped
with an Olympus DP11 digital camera.
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Effect of Alizarin red S on Ich theronts
In a previous study, marking fish with calcein was
demonstrated to have no effect on the susceptibility
of channel catfish to Ich theronts. No difference
was noted in fish infection level, mortality and
median days to death (MDD) caused by Ich,
between unmarked fish and fish marked with calcein
regardless of concentration (Xu, Klesius & Shoemaker
2007). A toxicity test was conducted to evaluate the
effect of ArS on Ich theronts before marking fish with
ArS. The ArS solutions were made at the concentration
of 0, 25, 50, 100, 200 and 400 mg L1 in a 24-well
plate with 0.5 mL per well (Corning Costar). A
0.5 mL theront solution with approximately
2000 theronts was added to each well to yield 0,
12.5, 25, 50, 100 and 200 mg L1 of ArS, respec-
tively. Theronts were exposed to each concentration
in triplicate wells, and 10 lL of sample was col-
lected from each well at 0, 1, 2 and 4 h post-ArS
treatment. Ten microlitres of sample was added to
a Sedgewick–Rafter cell marked with a grid of
1000 9 1 mm squares, and a cover glass was
placed over the counting chamber. All live theronts
were enumerated under an Olympus BH-2 micro-
scope at low magnification (49 object and 109
eye) and theront concentration was calculated
as numbers of theronts mL1 in each well. Non-
moving theronts with non-beating cilia were
considered dead.
Trial I evaluating susceptibility of blue catfish
to I. multifiliis using cohabitation method
A cohabitation method was used to evaluate sus-
ceptibility of blue catfish strains to Ich in Trial I.
A total of 378 fish were distributed to eighteen
57-L flow-through aquaria supplied with flowing
dechlorinated water at approximately 0.4 L min1
with seven fish from each strain of blue catfish
(D&B, USDA 101 and USDA 102), a total of 21
fish per tank. Calcein and ArS were used to mark
USDA 102 and D&B, respectively, as described
above. Ten fish from each strain of blue catfish
were inspected for parasites, and fish length and
weight were measured prior to the trial (Table 1).
Fish were acclimatised in the aquaria to laboratory
conditions for 1 week before the trial.
Theronts were added to tanks, and blue catfish
were exposed to theronts at 0, 200, 1000, 5000
or 25 000 theronts per fish for 1 h. There were
four replicate tanks for each parasite concentration
and two tanks for non-infected controls, account-
ing for a total of 18 tanks. The parasite infection
levels were evaluated, and mortality of fish in each
tank was recorded daily for 28 days post-theront
challenge as indicated below.
Trial II evaluating susceptibility of blue catfish
to I. multifiliis using the separate-tank method
In Trial II, three strains of blue catfish were put
in different tanks. The infection level and mortal-
ity in different strains of blue catfish were evalu-
ated and compared in separated tanks. A total of
390 blue catfish were distributed to 57-L aquaria
with 15 fish per tank. There were 18 tanks sup-
plied with flowing dechlorinated water at approxi-
mate 0.4 L min1 for three strains of blue catfish
and two parasite concentrations with triplicate
tanks per treatment. Another six tanks were used
as non-infected controls, two tanks for each strain
of blue catfish. Ten fish from each strain of blue
catfish were inspected for parasites, and fish length
and weight was measured prior to the trial
(Table 1). The blue catfish were challenged by
exposing fish to Ich theronts at 0, 200 or 1000
theronts fish1 for 1 h to evaluate susceptibility to
Ich. Infection level and mortality of fish in each
tank were determined as follows.
Evaluated parasite infection level and fish
mortality
Fish were examined for infection when trophonts
were visible at 5 days post-theront challenge. In
Trial I, two tanks of fish were evaluated for infec-
tion level in relative to each theront concentration.
Fish were anaesthetized in water with 100 mg L1
MS-222, placed on Petri dishes and the strain
identified by viewing the marked caudal fin under
an inverted fluorescence microscope. Then, numbers
of trophonts on the fish skin and fins were evaluated
Table 1 Average length and body weight of blue catfish used
in trials
Blue
catfish
strains
Trial I Trial II
Length
(cm)
Weight
(g)
Length
(cm)
Weight
(g)
D&B 12.3 ± 0.2 14.2 ± 0.5 14.4 ± 0.4 26.2 ± 1.5
USDA 101 12.5 ± 0.2 16.8 ± 0.9 14.6 ± 0.2 25.6 ± 1.2
USDA 102 12.7 ± 0.3 16.0 ± 1.4 15.5 ± 0.3 34.0 ± 2.9
Values are mean length and weight ± standard error from 10 fish.
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using a semi-quantitative scale. The infection level
was assessed by assigning scores of 0, 1, 2, 3 and 4
to fish that showed no infection, <50, 50–150, 151
–300 and >300 trophonts fish1, respectively. In
Trial II, all fish were removed from each tank and
parasitic infection was evaluated in a 2-L beaker
individually. The fish were then returned to the
tank to recover, and survival was evaluated. The
mortality of fish in each tank was recorded daily
after theront challenge. For newly dead fish, the
body surface and gills were examined for parasitic
infection using wet mount samples (Xu et al.
2011). A small sample of mucus was scraped from
the body surface of each fish. Gill filament samples
were cut from the opercular cavity on both sides of
each fish. Skin and gill samples were observed under
a microscope for Ich infection.
Statistical analysis
All data were analysed with SAS software (SAS
Institute 1989). Median days to death were used
to express the survival time-span in fish following
Ich infection and were calculated by the Lifetest
procedure (Kaplan–Meier method). The Kol-
mogorov–Smirnov test was used to test normality
for experimental data. Fish size and theront sur-
vivals after exposing to then alizarin in vitro test
were analysed with analysis of variance. The infec-
tion scores and MDD were analysed by maximum
likelihood using SAS Genmod procedure. The fish
mortality data were not normally distributed so
mortality data was transferred to the natural loga-
rithm number and analysed with Poisson regres-
sion (Stokes, Davis & Koch 2000). P value of
0.05 or less was considered statistically significant.
Results
Fish marking and effect of Alizarin red S on
Ich theronts
In Trial I, USDA 102 and D&B strain were marked
to distinguish strains of blue catfish cohabited in the
same tank. The marked fish were easily identified
under UV light. Alizarin-marked D&B strain
showed pink florescence and calcein-marked USDA
102 strain showed strong green florescence in fins
compared to unmarked USDA 101 strain (Fig. 1).
An in vitro test was conducted to evaluate the
effect of Alizarin red S on Ich theront survival.
No toxic effect of alizarin was noted on theronts.
Theronts showed high survival when exposed to
alizarin at 200 mg L1 for 4 h. There was no
statistical difference (P > 0.05) between theronts
treated with alizarin at 200 mg L1 for 4 h and
non-treated theronts (Table 2).
Susceptibility of blue catfish to I. multifiliis in
Trial I using cohabitation method
There was no statistical difference (P > 0.05) on
the length and weight among three strains of blue
catfish in Trial I. Most fish were infected when
exposed to theronts at 200 or 1000 theronts per fish
and showed <50 visible spots per fish (infection
scores ranged from 0.79 to 1.14). USDA 102 strain of
blue catfish showed lower infection level than D&B
strain (Table 3). Fish showed light (<50 spots fish1)-
to-moderate infection (50–150 spots fish1) when
exposed to 5000 theronts fish1. Fish had heavy infec-
tion when exposed to 25 000 theronts fish1. All fish
showed 151–300 visible trophonts. No difference was
noted on infection level among three strains of blue
catfish in the same tank when exposed to 5000 or
25 000 theronts fish1.
All fish died when exposed to theronts at 5000
or 25 000 theronts fish1 (Table 4). These fish
died with a MDD 7–9 days when exposed to
25 000 theronts fish1 or 11–13 days when exposed
to 5000 theronts fish1. No difference was noted
on mortalities and MDD for the three strains of
blue catfish when fish were exposed to 5000 or
25 000 theronts fish1. When exposed to 200
theronts fish1, USDA 101 and 102 strains of
blue catfish showed significantly lower mortality
(18.0% and 17.8%) compared to the D&B strain
(35.5%). When exposed to 1000 theronts fish1,
the mortality for USDA 102 strain was 78.5%,
significantly lower than USDA 101 strain (92.7%)
or D&B strain (100%).
Table 2 Number of Ichthyophthirius multifiliis (Ich) theronts
(mL1) surviving in each well of 24-well plate post-exposure to
alizarin red S at different concentration and exposure time
Alizarin red
concentration
(mg L1)
Mean number of surviving Ich theronts mL1
0 h 1 h 2 h 4 h
0 1900 ± 458 1833 ± 267 2233 ± 338 1967 ± 233
25 1933 ± 425 2266 ± 785 2366 ± 317 2300 ± 513
50 1767 ± 348 1333 ± 202 1900 ± 305 2167 ± 333
100 1400 ± 153 2500 ± 501 2230 ± 845 2333 ± 504
200 1167 ± 267 1300 ± 305 2067 ± 536 2133 ± 883
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Susceptibility of blue catfish to I. multifiliis in
Trial II using separate-tank method
There was no statistical difference (P > 0.05) in
the length and weight among three strains of blue
catfish in Trial II. Most fish were infected and
had an infection level with <50 spots fish1 when
exposed to 200 theronts fish1. The infection
scores were lower in fish exposed to 200 theronts
(0.93–0.97) per fish than those exposed to 1000
theronts (1.26–1.40) per fish (Table 5). The
infection level increased greatly from 5 days
post-infection to 10 days post-infection. No
difference was noted on infection levels among
three strains of blue catfish when exposed to the
same concentration of Ich theronts except that the
USDA 102 strain showed lower infection scores
Table 3 The infection level of Ichthyophthirius multifiliis (Ich) on body surface of blue catfish 5 days post-exposure to theronts. The
infection level was assessed by assigning scores of 0, 1, 2 and 3 to fish that showed no infection, <50, 50–150 and 151–300 tropho-
nts fish1, respectively. The infection score is the average infection score of 14 fish sampled from each blue catfish strain exposed to
different concentrations of theronts
Theronts
per
fish
Blue
catfish
strains
Numbers of fish with infection level
Infection
scoreNone <50 50–150 151–300
200 D&B 1 13 0 0 0.93 ± 0.07a
USDA 101 2 12 0 0 0.86 ± 0.10ab
USDA 102 3 11 0 0 0.79 ± 0.11b
1000 D&B 0 12 2 0 1.14 ± 0.09c
USDA 101 0 14 0 0 1.00 ± 0cd
USDA 102 1 13 0 0 0.93 ± 0.07d
5000 D&B 0 10 4 0 1.29 ± 0.13e
USDA 101 0 9 5 0 1.36 ± 0.13e
USDA 102 0 11 3 0 1.21 ± 0.11e
25 000 D&B 0 0 0 14 3.00 ± 0e
USDA 101 0 0 0 14 3.00 ± 0e
USDA 102 0 0 0 14 3.00 ± 0e
Within a column for each theront concentration, means (±standard error) followed by the same lower case letter are not statistically different
(P > 0.05). No infection was observed for control fish exposed to no theronts.
Table 4 The cumulative mortality and median days to death
(MDD) of blue catfish after exposure to theronts of Ichthyoph-
thirius multifiliis (Ich) in Trial I. Three strains of blue catfish
(seven fish per strain) were cohabited in the same tank and
subjected to the same treatments. Four replicated tanks were
used for fish exposed to each concentration of theronts, and
two tanks were used as non-infection controls
Theronts
per fish
Blue catfish
strains
Number of
dead fish
Mortality
(%) MDD
0 D&B 0 (14) 0 ± 0a NA
0 USDA 101 0 (14) 0 ± 0a NA
0 USDA 102 0 (14) 0 ± 0a NA
200 D&B 10 (28) 35.5 ± 20.5b 18.5 ± 0.2a
200 USDA 101 5 (28) 18.0 ± 10.8c 18.4 ± 0.5a
200 USDA 102 5 (28) 17.8 ± 7.8c 18.3 ± 0a
1000 D&B 28 (28) 100 ± 0d 15.1 ± 1.1b
1000 USDA 101 26 (28) 92.7 ± 7.3d 14.9 ± 1.2b
1000 USDA 102 22 (28) 78.5 ± 12.4e 14.6 ± 0.9b
5000 D&B 28 (28) 100 ± 0d 11.0 ± 0.4c
5000 USDA 101 28 (28) 100 ± 0d 10.7 ± 0.5c
5000 USDA 102 28 (28) 100 ± 0d 12.5 ± 1.6c
25 000 D&B 28 (28) 100 ± 0d 8.1 ± 0.5d
25 000 USDA 101 28 (28) 100 ± 0d 6.7 ± 1.1d
25 000 USDA 102 28 (28) 100 ± 0d 7.9 ± 0.4d
NA, not available.
Total number of blue catfish from each strain exposed to different ther-
ont concentration is shown in parentheses. Within a given column for
each theront concentration, means (±standard error) followed by differ-
ent superscript letters are statistically different (P < 0.05).
Table 5 The infection level of Ichthyophthirius multifiliis (Ich)
on body surface of blue catfish 5 or 10 days post-exposure to
theronts in Trial II. The infection level was assessed by assign-
ing scores of 0, 1, 2, 3 and 4 to fish that showed no infection,
<50, 50–150, 151–300 and >300 trophonts fish1, respec-
tively. The mean infection score is the average infection score
of (N) fish sampled from each blue catfish strain exposed to
the same concentration of theronts
Theronts
per
fish
Blue
catfish
strain
5 days
post-infection
10 days
post-infection
N
Infection
score N
Infection
score
0 D&B 20 0 ± 0a 20 0 ± 0a
USDA 101 20 0 ± 0a 20 0 ± 0a
USDA 102 20 0 ± 0a 20 0 ± 0a
200 D&B 30 0.97 ± 0.03b 30 2.93 ± 0.05b
USDA 101 30 0.97 ± 0.03b 30 3.10 ± 0.09b
USDA 102 30 0.93 ± 0.05b 30 2.90 ± 0.06b
1000 D&B 30 1.40 ± 0.09c 30 4.00 ± 0c
USDA 101 30 1.30 ± 0.09c 30 3.97 ± 0.03c
USDA 102 30 1.26 ± 0.08c 30 3.77 ± 0.08d
Within a column for each theront concentration, means (±standard
error) followed by the same lower case letter are not statistically differ-
ent (P > 0.05).
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than the other two strains 10 days post-exposure
to 1000 theronts fish1.
When exposed to 1000 theronts fish1, all
D&B and USDA 101 blue catfish died with a
MDD 12–13 days (Table 6). 42.3% of USDA
102 strain survived the infection at 1000 ther-
onts fish1. When exposed to 200 theronts fish1,
USDA 102 strain and D&B stain exhibited lower
mortality (18% and 22.3%) than USDA 101 blue
catfish (57.7%).
Discussion
All strains of blue catfish died when exposed to
5000 or 25 000 theronts fish1 in Trial I. The
fish exposed to 25 000 theronts fish1 showed
heavy infection with 151–300 visible tropho-
nts fish1 in the first infection cycle (5 days post-
theront exposure). Fish were only exposed to two
low concentrations of theronts (200 or 1000 ther-
onts fish1) in Trial II because all fish died in
Trial I when exposed to 5000 theronts fish1 or
higher. The USDA 102 blue catfish strain had
78.5% mortality in the cohabitation challenge
Trial I and 57.7% mortality in the separate infec-
tion Trial II when exposed to 1000 ther-
onts fish1. Almost all fish ( 92.7%) from D&B
or USDA 101 strains died in both trials when
exposed to 1000 theronts per fish. The fish of
USDA 102 were slightly larger than the other two
strains in Trial II, but did not reach a statistical
difference (P > 0.05). Differences in fish size may
have influence on parasite resistance and larger
fish may be more resistant to Ich infection.
However, it is unlikely that the size of the fish led
to the low mortality of USDA 102 blue catfish in
this study. The USDA 102 blue catfish showed
similar length and weight compared to D&B and
USDA 101 blue catfish in Trial I. Among three
blue catfish strains, only the USDA 102 strain
had survivors in two different challenge trials
when exposed to 1000 theronts fish1.
The MDD was inversely related to theront
concentrations. When exposed to high theront
concentrations, fish showed a short MDD. In this
study, blue catfish showed an MDD of MDD 6.7
–8.1 days when exposed to 25 000 theronts
fish1. Most fish in this group died in the begin-
ning of the second Ich infection cycle. At water
temperature of 22–25 °C, Ich can complete an
infection cycle in 5–6 days (Nigrelli et al. 1976;
Dickerson 2006). Mature trophonts from the first
cycle dropped off fish and developed into infective
theronts in water. When large number of theronts
attached to fish and penetrated into fish skin and
gills, the re-infection of the parasite caused most
fish to die. When recently dead fish were examined
for Ich infection using wet mounts from skin
mucus and gill filaments, almost all fish contained
heavy parasite infection with few matured tropho-
nts and many young trophonts. The MDD
increased to 10.7–12.5 days when fish were
exposed to 5000 theronts fish1. Most fish in this
group died at the end of the second Ich infection
cycle. Blue catfish could get infected by 200 ther-
onts fish1 but most of the fish survived the infec-
tion. The blue catfish demonstrated a much longer
MDD in both trials (17.2–18.5 days) when
exposed to 200 theronts fish1.
Two methods were used in current trials to
compare the susceptibility of D&B, USDA 101
and USDA 102 strains to Ich. In Trial I, the
cohabitation method was used and three strains of
blue catfish were put in the same tank. As three
strains of blue catfish had the same treatment in
each tank, the cohabitation method decreased the
chance for variation between experimental groups.
The cohabitation method has been successfully
used for evaluating protective immunity between
immunized and non-immunized fish held in the
same rearing groups (Nordmo 1997; Klesius et al.
2006; Xu et al. 2007). The cohabitation method
is considered one of the best models for evaluating
protective immunity, because immunized and
Table 6 The cumulative mortality and median days to death
(MDD) of blue catfish after exposure to theronts of Ichthyoph-
thirius multifiliis (Ich) in Trial II. The strains of blue catfish
were kept in separate tanks and fish mortality was observed for
28 days post-challenge with Ich
Theronts
per fish
Blue
catfish
strain
Number of
dead fish
Mortality
(%) MDD
0 D&B 0 (30) 0 ± 0a NA
0 USDA 101 0 (30) 0 ± 0a NA
0 USDA 102 0 (30) 0 ± 0a NA
200 D&B 10 (45) 22.3 ± 11.8b 18.3 ± 0.4a
200 USDA 101 26 (45) 57.7 ± 29.8c 17.2 ± 1.3a
200 USDA 102 8 (45) 18.0 ± 9.0b 17.8 ± 1.0a
1000 D&B 45 (45) 100 ± 0d 12.9 ± 0.3b
1000 USDA 101 45 (45) 100 ± 0d 11.8 ± 0.2b
1000 USDA 102 26 (45) 57.7 ± 12.2c 12.9 ± 1.4b
NA, not available.
Total number of blue catfish from each strain exposed to different ther-
ont concentration was shown in parentheses. Within a given column for
each theront concentration, means (±standard error) followed by differ-
ent superscript letters are statistically different (P < 0.05).
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non-immunized fish are held in the same rearing
group (Nordmo 1997; Klesius et al. 2006),
thereby decreasing the chance for variation
between experimental group, such as the number
of infective pathogens, exposure time, tempera-
ture, water quality, volume of flowing water and
amount of feed provided. The cohabitation
method had many advantages in this trial, but the
Ich infection levels were not easy to monitor
among strains of blue catfish in the same tank.
Fish had to be taken out from each tank to
identify the strain relative to the marker.
This problem can be addressed by using the
separate-tank method. This trial took advantages
of both methods and made evaluation of suscepti-
bility to Ich more objective.
Several chemicals are available for mass mark-
ing of fish by immersion: calcein, tetracycline,
alizarin, strontium and lanthanides (Bashey
2004). Marking fish using calcein or alizarin red
S by immersion is easily performed for large
numbers of fish within a short time (Bashey
2004; Xu et al. 2007). Both calcein and alizarin
did not affect the appearance of fish and could
be detected on the skeleton of live, anaesthetized
or dead fish (Bashey 2004). In this study, ther-
onts showed no difference in survival in vitro
test when exposed to alizarin at concentrations
from 25 to 200 mg L1 for 4 h compared to
control theronts (not exposed to alizarin). Using
the markers calcein and alizarin, three strains of
blue catfish could be put in the same tank to
evaluate the susceptibility to Ich in the cohabita-
tion method.
The information on the susceptibility of blue
catfish to Ich would be helpful to blue catfish cul-
ture and the breeding programme of catfish
hybrids. Ich is a significant parasite of many fish
species including catfish. However, as noted earlier,
effective chemical or physical means of treating
Ich on large populations of farmed catfish are
either ineffective or not economically feasible.
Therefore, an alternative approach to reducing Ich
in catfish is to breed for fish with improved resis-
tance to the parasite. The results of this study
demonstrate differences among strains of blue cat-
fish relative to infection levels and mortality fol-
lowing Ich challenges. The data from two
different Ich challenge methods were consistent,
which strengthens the validity of the observed
strain differences in fish relative to mortality. It is
possible the differences in Ich susceptibility
observed among blue catfish strains will be trans-
mitted to their hybrid offspring, which is particu-
larly important as hybrids are rapidly becoming a
significant proportion of US catfish production.
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